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•  Scientific background and motivation 

•  Materials discovery using existing databases: pre-ADSP 

•  Auto-generating Custom Databases: ChemDataExtractor 

•  Materials discovery “Take #2” – The ADSP project 

•  Next Steps 

Molecular	Engineering	of	Solar-powered	
Windows	





Thin-film	Si	 Quantum	Dot	

Organic	PV	
Dye-Sensitized	
Solar	Cell	(DSC)	

Silicon	

Perovskite	PV	



Solar-powered	Windows	

40% Total energy drain in the USA comes from buildings 



Graz Science Tower (Sep 17) 

Swiss Tech 
Convention 
Centre 



Economics: Price-to-Performance Ratio (and color options) 





  ‘Top-down’ approach: Cole et al, PCCP, 16 (2014) 26684    ‘Bottom-up’ approach: Cole et al, AEM 5 (2015) 1401728 
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Database	of	118,485	
molecular	structures	

Structure-
Property	

Relationship	
Filter	#1	

Structure-
Property	

Relationship	
Filter	#2	

A representative set of organic chemical space 

#1 Apply D-π-A charge-separation criterion 
 
Calculate µ for all 118,465 molecules  
 
Set threshold: µ > 5 D  
 
Semi-empirical PM7 in MOPAC 

#2 Apply D-π-A charge-conjugation criterion 
 
Encode bond-length Alternation calculation 













e.g.  

MK-2 [PV eff: 7.7%]                    MK-44 [PV eff: 1.8%] 



Molecular building blocks of predicted new classes of DSC dyes  
à 1/3 world’s best performance DSC dye in experimental validation 
  
à  Far from a null result - Prediction strategy works!  
(and should improve with further refinement of data-mining method) 
 
No significant dye aggregation effects observed in 1 or 2 
 
1 and 2 exhibit unusually high melting points 
 
What next? 
 
Use custom-made material databases?  





www.chemdataextractor.org	 
	

M.	C.	Swain,	J.	M.	Cole	J.	Chem.	Inf.	Model.	56	(2016)	1894-1904		













Large database of UV/vis 
absorption spectra 







•  Negotiating publisher agreements 

•  Royal Society of Chemistry 
•  Elsevier 
•  Wiley 
•  Springer 

•  Parallelization of ChemDataExtractor code for Mira and Theta 

•  MongoDB for storing data 





So far… 
 
• 18,309 lambda max values from experiments 
• 9,094 compounds. 
• 4,519  computed with DFT and sTDA/sTDDFT .  
• (sTDXX is an approximation to TDDFT) 
• 917 possible candidates to be computed with Linear Response Coupled Cluster 



Cole, Vázquez-Mayagoitia et al, ACS Appl. Mater. & Interfaces, 9 (2017) 25952-25961. 

Case studies: 





Step 4: Experimental Validation (NOW) 



•  More Data: New Data Extraction capabilities:  

•  More Theta/Mira calculations 

•  Computation versus Experiment 

•  Data enrichment: Machine Learning 

•  Algorithm Design for Structure-Function relationships: 

•  Case studies using DFT and MD 

•  Experimental Validation (CNM) 
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